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Hyperthermia i s  now an  accepted mode of t reatment  w i th  r a d i a t i o n  therapy 
and chemotherapy. Its use  has been very  r e s t r i c t e d ,  and a  wider use  w i l l  en- 
counter  t h e  same l i m i t a t i o n  a s  r a d i a t i o n  therapy;  namely, t h e  t o l e r a n c e  l e v e l  
of normal t i s s u e .  
It is t h e r e f o r e  worthwhile t o  d e v i s e  a  model t o  s tudy t h e  e f f e c t  of hy- 
per thermia on a  normal t i s s u e .  The model s e l e c t e d  was t h e  r a b b i t  bladder  and 
t h e  end p o i n t  measured was t h e  changes i n  t h e  micro-vasculature of t h e  blad- 
der  wa l l .  It has  a l r e a d y  been demonstrated c l i n i c a l l y  t h a t  ho t  water bladder  
i n fus ions  w i l l  produce r e g r e s s i o n  i n  b ladder  tumours ( r e f . 1 ) .  
Ma te r i a l  and Method 
New Zealand wh i t e  r a b b i t s  (male) weighing approximately 4 kg were 
c a t h e t e r i z e d  and infused  wi th  s t e r i l e  water  heated t o  4 3 ' ~  + %OC. The water 
was heated i n  a  c o i l  i n  a  hea t ing  b a t h  and t h e  bladder  t e m ~ z r a t u r e  w a s  moni- 
to red  w i t h  a  t he rmis to r  threaded through t h e  c a t h e t e r .  The water  ba th  temp- 
e r a t u r e  was c o n t r o l l e d  by an  au tomat ic  hea t ing  c o i l  and cold water  pump. An 
a t tempt  was made t o  main ta in  s t e r i l i t y  and t h e  animals were anaes the t i zed  w i t h  
p e n t o b a r b i t a l  dur ing  t h e  15 minutes i n f u s i o n  time. 
The animals were kept  f o r  pe r iods  vary ing  from 7 days t o  3 months, when 
microangiography was performed on t h e  animals ( r e f  2) .  
The r a b b i t s  were anaes the t i zed  and t h e  abdomen opened t o  r e v e a l  t h e  ab- 
dominal a o r t a  which was then  c a t h e t e r i z e d ,  and a  7% suspension of micro-opaque 
(barium su lpha te )  in fused  from a h e i g h t  of about  80 cm. 
When t h e  b ladder  v a s c u l a t u r e  was f i l l e d  wi th  c o n t r a s t  medium (about 2  
hours ) ,  t h e  bladder  (which has been d is tended  by f i l l i n g  wi th  water)  was d i s -  
sec ted  o u t  and f i x e d .  
The b ladders  a r e  then  c u t  i n t o  two ha lves  and s t r e t c h e d .  They a r e  then 
s e t  i n  a  t h i n  l a y e r  of p a r a f f i n  and 30 Kvp radiographs taken of them on high 
r e s o l u t i o n  p l a t e s  (Kodak). 
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- Measurements 
The normal b ladders  were used a s  a  s tandard  t o  e s t a b l i s h  t h r e e  measure- 
ment c r i t e r i a :  
1. The number of v e s s e l s  c ros s ing  a  1 mm l i n e  i n  t h e  most v a s c u l a r  a r ea .  
2. The width of t h e  v e s s e l s  i n  t h e  same a r e a .  
3 .  The t o r t u o s i t y  of t h e  5 most t o r tuous  v e s s e l s  between two t e rmina l  
p o i n t s  separa ted  by 5 mm . 
It was i n  f a c t  found t h a t  t h e r e  was a c l o s e  c o r r e l a t i o n  between t h e  scor- 
ed r e s u l t s  and a  s imple v i s u a l  assessment based on experience i n  observing 
t h e  samples. 
I t  i s  important  t o  avoid i n f e c t i o n  i n  t h e  bladder  because t h e  appearance 
of t h e  microangiogram of a n  i n f e c t e d  b ladder  can c l o s e l y  resemble t h a t  of a  
bladder  which has  sus t a ined  some o t h e r  i n j u r y  such a s  r a d i a t i o n  damage ( f i g  1). 
Resu l t s  
There i s  no evidence of any immediate change i n  t h e  v a s c u l a t u r e  follow- 
ing  t h e  hyperthermic t rea tment .  However, a f t e r  7 days, t h e r e  was a  n o t i c e a b l e  
slowing down i n  t h e  r a t e  of f i l l i n g  of t h e  v e s s e l s  wi th  micro-opaque, and t h e  
v a s c u l a t u r e  i s  ve ry  s p a r s e  compared wi th  normal samples. 
I n  t h e  case  of t h e  animals  who were kept  f o r  1 t o  3 months pos t  hyper- 
thermic t rea tment ,  t h e  appearance of t h e  b ladders  was perhaps s l i g h t l y  hyper- 
vascu la r  b u t  no t  s e r i o u s l y  abnormal, i n d i c a t i n g  t h a t  t h e  immediate damage was 
r epa i r ed  and t h a t  no medium term damage appears  t o  r e s u l t  from a  s h o r t  hyper- 
thermic t rea tment  a t  a  temperature which i s  s u f f i c i e n t  t o  produce an  enhance- 
ment of t h e  e f f e c t  of r a d i a t i o n  on normal c e l l s .  
A p re sen t  modi f ica t ion  i s  t h a t  t h e  a n a e s t h e t i c  has  been changed t o  sodium 
b r e v i t a l ,  which produces a  s h o r t e r  and shal low anaes the t i zed  s t a t e  and reduces 
t h e  p o s s i b i l i t y  of induced hypothermia, a  cond i t i on  which could poss ib ly  in- 
f l uence  t h e  r e s u l t s .  
F igure  2 shows a  normal bladder  and f i g u r e  3 shows a  s l i g h t l y  hyper- 
vascu la r  pos t  3 months b ladder .  
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Questions and Answers Following Paper by Hie ta la ,  Howells, and Hazra 
D. Cone: What was t h e  composition of t h e  so-called water t h a t  you infused 
with? Was it p l a i n  water ,  d i s t i l l e d  water, o r  what? 
Howells: It was s t e r i l e  water. 
D. Cone: Did it have a  s p e c i f i c  g rav i ty ,  o r  pH con t ro l ,  o r  osmotic control?  
Howells: I t  was p l a i n ,  s t e r i l e  water. 
D.  Cone: Could t h a t  have an e f f e c t ?  
Howells: I do not  know. We were thinking of using s a l i n e ,  b u t  we d id  not .  
We discussed t h i s ,  bu t  we d id  not r,eally think t h a t  it had any s i g n i f i c a n t  
e f f e c t .  
